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Abstract: 
Traditionally, consultants of office building design often do not have sufficient understanding on 
maintenance issues for the operation of the building. As a result, there is often a lack of effective 
solutions for service, upgrade and maintenance problems during the life span of the building. For 
automated and intelligent buildings, with their wide range of technology adaptation and upgrade 
capacity, this demand and lack of response is more critical. Previous efforts on integrated consideration 
for building development phases, particularly between design and maintenance are very rare with only a 
few related topics exploring ideas. This situation presents a great potential for the development at an 
integrated decision support system for the communication between and integration of design and 
maintenance phases during the conception stage. 
This paper reports a research being conducted at the Queensland University of Technology in Australia, 
which aims at raising the awareness of the importance of integration in the building conception process 
by addressing a practical issue of design for maintenance. Building Automation Systems (BAS) are major 
elements of modern office buildings and have major influence on building performance and energy 
conservation. Within these systems, there are substantial design issues to be considered if an optimal 
level of service and maintenance can be provided. The paper will discuss key elements of the research 
and its development such as (1) identifying practical problems in relation to building maintenance as a 
result of poorly designed BAS (2) establishment of a design guide to effectively cater for maintenance 
issues for building automation systems (3) development of a computer based decision support system for 
improving the integration and communication between the two key building development phases: design 
and maintenance. 
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1. Introduction 
 
The performance of buildings is largely dependent on the quality of their design and the operation and maintenance of their 
internal systems.  Conventionally, these two phases of building development take place independently of each other.  
However, each individual process involved in building development, from building design, construction, to the operation 
and maintenance, is related and dependant on the others and the degrees of their interaction significantly influences the end 
result. 
Buildings also require lifetime support and service of their operation and maintenance.  Technological assistance for 
this is now becoming available in the form of building automation systems (BASs) – which offer proven benefits in building 
performance and energy conservation.  It is likely that, following building delivery, the effectiveness and efficiency of 
BASs will be a main concern of building owners and operators for years to come. 
It is being increasingly recognized, particularly for new construction projects, that BASs are the most cost-effective 
way of building management and energy conservation. In addition, advanced BASs help increase comfort levels and healthy 
living/working conditions.  Intelligent/green buildings need to be built with sustainable materials through intelligent design 
and construction methods. The process does not stop when the building is complete – proper operation of building systems 
will ensure that the building remains intelligent and sustainable throughout its lifetime. A BAS plays a key role in 
supporting intelligent/green design by reducing energy conservation and improving indoor environmental quality. 
This paper introduces current research being conducted in the Queensland University of Technology (QUT) School of 
Construction Management and Property aimed at promoting the integration between design and maintenance of BASs for 
office buildings.  It also explores some of the design issues in relation to BASs and presents possible strategies for 
increasing the performance and optimisation of the operation and maintenance process. 
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2. Building design and building maintenance performance 
 
Design and maintenance are two core activities that directly contribute to the quality of construction and performance.  
Conventionally, they are treated as separate entities.  This separation causes several problems: 
• Design and maintenance professionals often have minimal knowledge or respect for each other's problems [2] 
[3][4].The priorities considered in design frequently rank maintenance as the lowest need and the lessons learned 
through remedial measures rarely influence design procedures.  
• Lack of knowledge and understanding among design professionals: Due to the inherent separation and under the 
pressure of time/ budget, design consultants often do not have sufficient understanding and knowledge on maintenance 
issues during office building design stage. As a result, there are limited considerations for service, upgrade and 
maintenance during the life span of the building [1][3]. 
• Lack of data on operational requirement: There is a lack of historical data concerning the operational requirements and 
maintenance performance of existing buildings. As a result, designers have to work with insufficient or inappropriate 
information [1]. 
• Difficulties in forecasting future condition and changes: Increasing global warming may have a significantly important 
effect on the climate and therefore the weather conditions for buildings to withstand. Designers, however, are unable to 
predict such changes for remedial measures to be taken. This is likely to cause problems for future building servicing 
and maintenance effectiveness. 
• “First cost” mentality: Designers conventionally focus on the initial cost of building, i.e. built cost, with little 
consideration for anticipated subsequent costs such as incurred in building maintenance.  Similarly, developers often 
focus on the capital cost, but very often capital cost is only 20% of the operation cost of a building over the life of 
building” [6]. How buildings will perform or what they will cost to run, in 20, 50, and 80 years time is currently not a 
key issue considered by developers.   
These problems and limitations are particularly evident in older buildings, which occupy the major part of the existing 
building stock of most countries.  Their operating and maintenance activities are normally not sufficiently documented to 
reveal the real costs incurred during their life. Increased expenditure on routine maintenance and retrofit are a burden for 
owners and occupants, who are only now beginning seek strategic solutions. These problems also have caused overall poor 
performance of buildings, with excessive energy use and high system upgrade costs. 
Only in recent years, has some effort has been made to facilitate improved communication and appropriate 
management to create a better balance of the design and maintenance fields. One approach to this is for a single group to 
coordinate design, construction and maintenance activities. An alternative is to forecibly involve greater participation by 
assigning legal responsibilities.  In Singapore, for example, there is a planning requirement for developers to retain a 30% 
share in the building for ten years after completion [5]. In Taiwan, there are also rules for the developer to hand-over a 
maintenance budget to the building management control board in the delivery process.  
These compulsory requirements actively assist in increasing maintenance assessment but improved design and 
construction techniques are also needed to achieve long term performance. In practice, there is very limited association and 
integration between maintainers and designers. Designers continue to create buildings that fail to achieve satisfactory long-
term performance, while maintainers remain in relative isolation with little evident influence or impact on design. Design 
and maintenance issues require a practical integrated approach, a problem solving orientation and a ‘learning from 
experience’ exercise in order to promote building performance and reduce lifecycle costs. 
 
3. Building automation systems  
 
Along with the development of advanced information and communication technologies, lifestyle patterns have significantly 
changed over the last two decades. For buildings, the orientation is shifting from the simple adoption of new materials and 
technologies to a balanced approach focused on user comfort, convenience, health and safety considerations and long term 
performance issues such as efficiency, market values and energy conservation.  Automated and intelligent buildings, which 
can better perform and facilitate the prospective intentions of stakeholders, are becoming a major stream or ideal model of 
building development.  These new trends will inevitably depend on more advanced building automation systems for 
flexibility, adaptability and energy conservation.  
Building automation is the automatic operation of building systems by sensors and controllers that are integrated in 
various ways to form a BAS. BASs are normally used to perform the following tasks [1]: 
• To optimise the start-up and performance and control/monitor systems.   
• To reduce the risk of  breakdown of building services.  
• To increase the interaction of mechanical subsystems within a building  
• To prevent deterioration of the internal environment provide by building services.  
• To increase reliability of system and services  
• To decrease energy, time and operating costs.  
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Figure1. A Structure of BAS office Building  
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A typical structure of office building automation system (BAS) can be illustrated as in Figure 1: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Optimising building performance and maintenance through efficient design and development of BAS 
 
An integrated approach to design and maintenance can (1) enhance their inherent relationship and prevent the mistakes 
from the lack of understanding and communication, (2) facilitate the practical functions such as the consideration of 
maintenance in the early design stage, and (3) fulfil of the design intention in the maintenance process by taking the right 
procedures for the problems encountered.  To evaluate the extent to which a BASs can contribute to this involves 
consideration of the building performance as a whole.  This is necessarily multifaceted - typically appearing in several 
respects, such as energy conservation, building and service adaptability, user comfort, flexible service options and 
maintenance processes.  Almost all of these parameters are affected by the design, operation and maintenance of the BAS. 
This suggests a strategy for development and evaluation of BASs to be similar to that used to evaluate best practice in 
building operation and services in general, which is to obtain feedback and alternative decisions during the design.  Because 
of the vast amount of information and knowledge involved, a computer-based system is an obvious means of integrating the 
different procedures for design and maintenance.  The software for this can support the front-end practitioners such as 
planners, developers or designers for a guided and updated decision-making reference.  On the other hand, maintenance 
consultants can have access to necessary design guidelines for the optimisation of building performance and energy 
conservation by understanding and following BAS design briefs for the intended purposes. 
 
5. Integrated decision support to design and maintenance – a QUT research project 
 
• The QUT project 
The research project being developed at QUT focuses on the study of the interaction of maintenance and design in building 
automation, and seeks the possible solution for some of the problems discussed in Section 2 in the domain of office 
buildings.  The research objectives have been proposed as:  
(1) To identify the problems and limitations of building automation practice between the design and maintenance phases.  
(2) To establish a guide for the improvement of design and maintenance of building automation system.  
(3) To develop a decision support prototype for integrating the design and maintenance tasks of the building automation 
systems. 
In this project, integration will facilitate the sharing of information between design and maintenance utilising a 
computerised knowledge-based decision support system. This will help to make decisions to ensure design robustness, and 
eventually improve the reliability of maintenance for the building automation systems. The intention of the project is to 
develop a new integrated approach providing the knowledge support with a guideline for the design of building automation 
systems, and to improve maintainability during the practical implementing processes, with an eventual goal of building 
performance improvement. 
• Knowledge based design support 
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The knowledge- based decision support is based on the existing technologies of Knowledge Based Systems (KBS). The 
KBS has been recognised as a potential power to replicate human knowledge. They extend the expert system pattern by 
using logic, semantic nets or frames in addition to rules as the knowledge representation methodology. This project will 
facilitate the decision support through the use of KBS. In comparison to numeric based computations such as estimation, 
there is a lack of computer support for problem solving and decision making during many stages of building development. 
Therefore the project will employ KBS development for the perceived decision support applications for design reference 
and maintenance procedures.  
• Industry surveys and case studies 
A questionnaire based industry survey is now under way to both design consultants, and facility managers of existing 
buildings in an effort to identify practical issues and concerns.  The design of the questionnaire is based on literature review 
and the researcher’s professional experience, and includes open-ended questions.  Case studies are also planned to provide 
targeted knowledge deficiency and to ensure consistency of data. 
• Prototype system design and development 
The lifetime development of BAS includes design, installation, test, qualification, operation and maintenance (regular 
inspection, correction, replacement, upgrade, demolition). The proposed system focuses on the integration of design and 
maintenance. Once data concerning maintenance problems is collected and compiled, it will be analysed and identify 
relevant solutions associated with the design aspect. Through the interaction/dialog between users and the proposed system, 
design or maintenance solutions/ reference can be generated. The data flow and design/maintenance structure is outlined in 
Figure 2.  
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Figure2. Data flow and Design/ Maintenance structure
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• Knowledge extraction 
The knowledge in the decision support system can be extracted from literature studies, industry surveys and case studies. 
The compilation of the knowledge and verification at later stage of the project will formulate a design/ maintenance guide to 
help improve the integration between these two key phases of building development. A conceptual model of integration 
knowledge based decision support system has been proposed as shown in Figure 3: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 • Programming for knowledge based decision support 
The research intends not only to provide computer-based guideline for design practice and maintenance, but also to provide 
knowledge support during each sequence, together with the practical knowledge update and ranking of various decision 
patterns. The programming work will include MS Access as the database and MS Visual Basic as the programming tool for 
the reference engines. 
The prototype system will be verified and tested to determine the effectiveness and to validate the performance before 
further development of overall integration decision support system. This stage will also include the logic management 
sequence and debugging computer program.   
 
5.  Conclusion 
 
The rapid advancement of computer technology has resulted in an increasing number of attempts to integrate building 
design and other project development phases. However, problems arising from the design stage and limitations in the 
maintenance process - such as the inappropriate application of systems and defects resulting from time and budget 
limitations - highlights the potential opportunities for the research project reported here.   
The proposed computerised system provides an easy and quick alternative to assess the state of a building in terms of 
better design for maintenance. This paper described a new attempt of improving building automation system design and 
maintenance in context of computer based integrations, and presented a potential platform between the two stages with 
unique knowledge based decision support.  On going research development will include case studies to obtain the first hand 
information for specific areas of concern and the generation of the design-maintenance guideline for the building practice. 
This will lead to an operational prototype system that will further demonstrate the feasibility, potential and benefits of 
employing computerised tools to integrate these two important phases in building automation system- design and 
maintenance. 
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